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(54) Optical pickup direction detection unit and optical pickup direction detection method 



(57) In an optical pickup direction detection unit, a 
detector group receives return light from an optical disc 
and outputs a light detection electric signal, a push-pull 
signal generator generates a push-pull signal, and a 



land prepit signal generator generates a land prepit sig- 
nal. Further, a direction determiner detects a direction 
detection signal based on a tracking error signal and the 
land prepit signal. 
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Description 

[0001] This invention relates to an optical pickup di- 
rection detection unit and an optical pickup direction de- 
tection method and more particularly to, in an optical 
pickup for wiring information onto an optical disc based 
on emission light from a light source or reading informa- 
tion from an optical disc based on return light from the 
optical disc, an optical pickup direction detection unit 
and an optical pickup direction detection method for de- 
termining the direction to move the optical pickup in or- 
der to position emission light on an information record 
track of the optical disc. 

2. Description of the Related Art 

[0002] An optical pickup comprising a light source, an 
optical system, and a light detection system is used to 
apply emission light Irom the light source to the informa- 
tion record side of the surface of an optical disc such as 
a CD (compact disc) or a CD-ROM (compact disc-read- 
only memory) for writing optical disc record information 
of music, data, etc., or read optical disc record informa- 
tion from light reflected on and returned from the infor- 
mation record side of an optical disc. 
[0003] To reliably write the informal ion onto the optical 
disc or reliably read the information from the optical disc 
in the optical pickup, it is necessary to control so as to 
always apply emission light onto a record location on 
the information record side of the optical disc, such as 
an information record track, namely, it is necessary to 
perform tracking servo control, and it is necessary to 
control so as to converge emission line on a record lo- 
cation as a spot-like point, namely, it is necessary to per- 
form focusing servo control. 

[0004] A tracking servo control technique, for exam- 
ple, as shown in FIGS. 11 (A) to 11 (D) is known. 
[0005] FIG. 1 1 (D) is a sectional view of an optical disc 
wherein the surface of the optical disc is cut in the radial 
direction of the disc. A projection portion L is called a 
land and a recess portion G is called a groove. Informa- 
tion is written into and read from the grove. If the optical 
pickup is moved in the radial direction of the disc (right 
and left in FIG. 11), emission light from the optical pickup 
moves so as to cross the land L and the groove G. 
[0006] At this time, a reproduction (playback) RF sig- 
nal from a photodetector receiving return light becomes 
as shown in FIG. 11(A). If the reproduction (playback) 
RF signal is made to pass through a low-pass filter (LPF) 
or the envelope of the signal is taken, a radial contrast 
signal RC as shown in FIG. 11 (B) is provided. As shown 
here, the radial contrast signal RC has the center of the 
crest of the waveform matching the center position of 
the land L and the center of the trough of the waveform 
matching the center position of the groove G. 
[0007] Light from the photodetector receiving return 
light is converted into an electric signal, whereby a track- 
ing error signal TE as shown in FIG. 11(C) can be pro- 



vided. The tracking error signal TE has a waveform 
passing through a zero level B (crossing zero) at the 
point corresponding to the center position of the groove 
G as shown in the part of A. 
s [0008] Therefore, to perform tracking servo control, 
first the optical pickup is moved in any direction, position 
in the radial direction based on the slope of the tracking 
error signal TE (differential coefficient) so as to become 
the center of a predetermined trough of the radial con- 
io trast signal RC. This operation is called "bringing into 
tracking servo control", Then, position control is per- 
formed so that the tracking error signal TE crosses zero, 
whereby tracking servo control is performed. 
[0009] However, as optical discs with information re- 
ts corded at a high density, such as a DVD (digital versatile 
disc), have been used in recent years, the following 
problem arises in the tracking servo control of the optical 
pickup in the related art described above: 
[0010] As information is recorded on a disc at a higher 
20 density the track pitch of land L and groove G (the dis- 
tance between the center positions in FIG. 11(D)) be- 
comes narrower and a limitation is imposed on the 
groove depth, etc. Thus, the asperities of the waveform 
of the radial contrast signal RC become very small, the 
25 s/N ratio of the signal lowers, and the position of each 
trough of the radial contrast signal RC may be detected 
erroneously. If the position of the trough of the radial 
contrast signal RC is detected erroneously, the direction 
to move the optical pickup is determined erroneously 
30 and it becomes hard to bring into tracking servo control 
at a predetermined position; tracking control becomes 
unstable. 

[0011] It is therefore an object of the invention to pro- 
vide an optical pickup direction detection unit and an op- 
35 tical pickup direction detection method for making it pos- 
sible to bring into tracking servo control stably if the track 
pitch of an optical disc is narrow. 
[0012] In order to achieve the above object, according 
to the invention, there is provided, in an optical pickup 
40 for writing optical disc record information onto an infor- 
mation record track of an optical disc having prepits 
based on emission light from a light source or reading 
the optical disc record information from return light pro- 
vided by reflecting emission light from the light source 
45 on the information record track, an optical pickup direc- 
tion detection unit for detecting a direction to move the 
optical pickup in order to position the emission light on 
the information record track, the optical pickup direction 
detection unit comprising: a photodetector for receiving 
so the return light and outputting a light detection electric 
signal; push-pull signal generation means for generat- 
ing a push-pull signal from the light detection electric 
signal from the photodetector; prepit signal generation 
means for extracting a prepit component Irom the push- 
es pull signal and generating a prepit signal; tracking error 
signal generation means for generating a tracking error 
signal from the light detection electric signal from the 
photodetector; and optical pickup move direction detec- 
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tion means for delecting the move direction of the optical 
pickup based on the tracking error signal and the prepit 
signal. 

[0013] Further, according to the invention, there is 
provided, in an optical pickup for writing optical disc s 
record information onto an information record track of 
an optical disc having prepits based on emission light 
from a light source or reading the optical disc record in- 
formation from return light provided by reflecting emis- 
sion light from the light source on the information record 
track, an optical pickup direction detection method for 
determining a direction to move the optical pickup in or- 
der to position the emission light on the information 
record track, the optical pickup direction detection meth- 
od comprising the steps of: receiving the return light and 
outputting a light detection electric signal; generating a 
push-pull signal from the light detection electric signal; 
extracting a prepit component from the push-pull signal 
and generating a prepit signal; generating a tracking er- 
ror signal from the light detection electric signal; and de- 
tecting the move direction of the optical pickup based 
on the tracking error signal and the prepit signal. 

In the accompanying drawings: 

[0014] 

FIG. 1 is a diagram to show the configuration of an 
optical pickup of a first embodiment of the invention; 
FIGS. 2(A) and 2(B) are a diagram and a chart to 
show the more detailed configuration and function 
of an example of an LPP signal generator in the op- 
tical pickup of the first embodiment of the invention; 
FIGS. 3(A) and 3(B) are a diagram and a chart to 
show the more detailed configuration and function 
of an example of a direction determiner in the optical 
pickup of the first embodiment of the invention; 
FIG. 4 is a diagram to show the configuration of an 
optical pickup of a second embodiment of the inven- 
tion; 

FIGS. 5(A) and 5(B) are a diagram and a chart to 
show the more detailed configuration and function 
of an example of an LPP signal generator in the op- 
tical pickup of the second embodiment of the inven- 
tion; 

FIGS. 6(A) and 6(B) are a diagram and a chart to 
show the more detailed configuration and function 
of an example of a direction determiner in the optical 
pickup of the second embodiment of the invention; 
FIGS. 7(A) and 7(B) are a diagram and a chart to 
show the more detailed configuration and function 
of an example of an LPP signal generator in an op- 
tical pickup of a third embodiment of the invention; 
FIGS. 8(A) and 8(B) are a diagram and a chart to 
show the more detailed configuration and function 
of an example of an LPP signal generator in an op- 
tical pickup of a fourth embodiment of the invention; 
FIGS. 9(A) and 9(B) are a diagram and a chart to 



show the more detailed configuration and function 
of an example of an LPP signal generator in an op- 
tical pickup of a fifth embodiment of the invention; 
FIGS. 10 (A) to 10 (C) are drawings to describe the 
effect of tilt of an optical disc; and 
FIGS. 1 1 (A) to 11 (D) are drawings to describe prob- 
lems in a conventional optical pickup. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[001 5] Referring now to the accompanying drawings, 
there are shown preferred embodiments of the optical 
pickup direction detection unit according to the inven- 
tion. 

[0016] In the embodiments described below, the di- 
rection of an optical pickup is detected using an emboss- 
ment-like recess (prepit) called "land prepit" provided 
in a land portion of an optical disc. The prepit maybe 
provided in a groove portion of an optical disc; in the 
embodiments described below, an optical disc formed 
with land prepits is taken as an example and a method 
of using the land prepits will be discussed. 

(1) First Embodiment 

[0017] FIG. 1 is a diagram to show the configuration 
of an optical pickup of a first embodiment of the inven- 
tion. As shown in FIG. 1 , an optical pickup 101 compris- 
es a detector group 11 for receiving return light provided 
by reflecting emission light from a light source such as 
a semiconductor laser (not shown) on an information 
record track of an optical disc, a push-pull signal gener- 
ator 1 2 S a tracking error generator 1 3, a land prepit sig- 
nal generator 1 4, a direction determiner 1 5, and a track- 
ing controller 16. 

[0018] The detector group 11 is a photodetector hav- 
ing one or more light reception parts for receiving return 
light from an optical disc and outputting a light detection 
electric signal to the push-pull signal generator 12 and 
the tracking error generator 1 3. The detector group 11 
corresponds to a photodetector. 

[0019] The push-pull signal generator 12 generates a 
push-pull signal PP based on the light detection electric 
signal from the light reception part of the detector group 
1 and outputs the push-pull signal to the land prepit sig- 
nal generator 14. The push-pull signal generator 12 cor- 
responds to push-pull signal generation means. 
[0020] The tracking error generator 13 generates a 
tracking error signal TE based on the light detection 
electric signal from the light reception part of the detec- 
tor group 1 and outputs the tracking error signal TE to 
the direction determiner 15 and the tracking controller 
16. The tracking error generator 13 corresponds to 
tracking error signal generatbn means. 
[0021] The land prepit signal generator 14 extracts a 
land prepit component based on the push-pull signal PP 
and outputs a land prepit signal LPP to the direction de- 
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terminer 15. The land prepit signal generator 14 corre- 
sponds to prepit signal generation means. 
[0022] The direction determiner 15 outputs to the 
tracking controller 16 a direction detection signal DIR 
based on which the optical pickup move direction to 
move the optical pickup is determined based on the 
push-pull signal PP and the tracking error signal TE. The 
direction determiner 15 corresponds to optical pickup 
move direction detection means. 
[0023] The tracking controller 16 has a tracking actu- 
ator (not shown) for moving the optical pickup based on 
the direction detection signal DIR and controls the disc 
radial direction position of emission light of the optical 
disc, whereby the emission light of the optica! disc can 
be moved onto any desired information record track and 
bringing into tracking servo control can be performed. 
Then, the position of the optical pickup is controlled 
based on the tracking error signal TE so that the emis- 
sion light of the optical pickup does not deviate from the 
on track position of the information record track. Thus, 
tracking servo control of the emission light of the optical 
pickup can be performed. 

[0024] Next, the more detailed configuration and func- 
tion of an example of the land prepit signal generator 1 4 
will be discussed with reference to FIGS. 2(A) and 2(B). 
FIG. 2(A) is a diagram to show the more detailed con- 
figuration of the example of the land prepit signal gen- 
erator 14 and FIG. 2(B) is a timing chart to show the 
function of the example of the land prepit signal gener- 
ator 1 4. 

[0025] As shown in FIG. 2(A), the land prepit signal 
generator 14 has a high-pass filter (HPF) 141 and a 
comparator 142. The HPF 141 removes a low-frequen- 
cy region component contained in the push-pull signal 
PP (the effect of eccentricity of optical disc) and extracts 
only a high-frequency region component. The HPF 141 
corresponds to high frequency extraction means. 
[0026] As shown at the top stage of the timing chart 
of FIG. 2(B), a beard-like high-frequency component is 
superposed on the push-pull signal PP because of the 
effect of a land prepit. The HPF 141 extracts the high- 
frequency component as a signal HPFPP as shown at 
the middle stage of FIG. 2(B) and outputs the signal HP- 
FPP to the comparator 1 42. The comparator 1 42 corre- 
sponds to comparison means. The signal HPFPP cor- 
responds to the high-frequency component containing 
the land prepit signal LPP. 

[0027] The comparator 1 42 compares the signal HP- 
FPP with one slice level REF (see the middle stage of 
the timing chart of FIG. 2(B)) and outputs the signal ex- 
ceeding the slice level REF as the land prepit signal LPP 
(see the bottom stage of the timing chart of FIG. 2(B)). 
The slice level REF corresponds to a comparison value. 
[0028] Next, the more detailed configuration and func- 
tion of an example of the direction determiner 1 5 will be 
discussed with reference to FIGS. 3 (A) and 3(B). FIG. 
3(A) is a diagram to show the more detailed configura- 
tion of the example of the direction determiner 15 and 



FIG. 3 (B) is a timing chart to show the function of the 
example of the direction determiner 1 5. 
[0029] As shown in FIG. 3(A), the direction determiner 
15 has a slope detector 151 and a D-type flip-flop (DFF) 
5 152. The slope detector 151 differentiates the tracking 
error signal TE to detect a differential coefficient (slope 
of waveform) and generates a tracking error slope signal 
TESLR The slope detector 151 corresponds to tracking 
error slope signal generation means. 
w [0030] As shown at the top stage of the timing chart 
of FIG. 3 (B) 5 the tracking error signal TE becomes a 
wave-like signal and at one position, relative speed 
changes and the waveform of the tracking error signal 
TE becomes opposite. As shown at the middle stage of 
is FIG. 3(B), the tracking error slope signal TESLP output 
from the slope detector 151 is set to 1 when the wave- 
form of the tracking error signal TE increases; the track- 
ing error slope signal TESLP is set to 0 when the wave- 
form of the tracking error signal TE decreases. 
[0031] The DFF 152 uses the tracking error slope sig- 
nal TESLP as input data and the land prepit signal LPP 
as a latch pulse. Therefore, the tracking error slope sig- 
nal TESLP is latched with the land prepit signal LPP as 
a clock, whereby the direction detection signal DIR is 
output (see the bottom stage of the timing chart of FIG. 
3(B)). The DFF 152 corresponds to direction detection 
signal generation means. 

[0032] Since the land prepit signal LPP is provided for 
the land portion of an optical disc, the direction detection 
signal DIR indicates the direction of relative speed be- 
tween the spot provided by applying emission light from 
the optical pickup onto the optical disc (spot-like light) 
and information record track on the optical disc (in this 
case, the information record track is a groove) . There- 
fore, using the direction detection signal DIR, the track- 
ing controller 16 can detect the optical pickup move di- 
rection and it is made possible to bring into tracking ser- 
vo control at any desired position. 



[0033] Next, a second embodiment of the invention 
will be discussed. FIG. 4 is a diagram to show the con- 
figuration of an optical pickup of the second embodiment 
of the invention. As shown in FIG. 4, an optical pickup 
102 comprises a detector group 11 for receiving return 
light provided by reflecting emission light from a light 
source such as a semiconductor laser (not shown) on 
an information record track of an optical disc, a push- 
pull signal generator 12, a tracking error generator 13, 
a land prepit signal generator 24, a direction determiner 
25, and a tracking controller 16. 

[0034] The optical pickup 102 of the second embodi- 
ment differs from the optical pickup 101 of the first em- 
bodiment described above in that it has a different land 
prepit signal generator 24 and a different direction de- 
terminer 25. Other components are similar to those of 
the optical pickup 1 01 of the first embodiment and there- 
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fore will not be discussed again. Only the land prepit 
signal generator 24 and the direction determiner 25 will 
be discussed. 

[0035] FIGS. 5(A) and 5(B) are a diagram and a chart 
to show the more detailed configuration and function of & 
an example of the land prepit signal generator 24. FIG. 
5(A) is a diagram to show the more detailed configura- 
tion of the example of the land prepit signal generator 

24 and FIG. 5 (B) is a timing chart to show the function 
of the example of the land prepit signal generator 24. 
[0036] As shown in FIG. 5(A), the land prepit signal 
generator 24 has an HPF 1 41 and comparators 242a 
and 242b. The HPF 141 removes a low-frequency re- 
gion component contained in a push-pull signal PP (the 
effect of eccentricity of optical disc) and extracts only a 
high-frequency region component. 
[0037] As shown at the top stage (first stage) of the 
timing chart of FIG. 5(B), a beard-like high-frequency 
component is superposed on the push-pull signal PP 
because of the effect of a land prepit. The HPF 141 ex- 
tracts the high-frequency component as a signal HPFPP 
as shown at the second stage of FIG. 5(B) and outputs 
the signal HPFPP to the comparators 242a and 242b. 
The comparators 242a and 242b correspond to compar- 
ison means. 

[0038] The comparator 242a compares the signal HP- 
FPP with one slice level REFa (see the second stage of 
the timing chart of FIG. 5(B)) and outputs as an upper 
land prepit signal UPLPP (see the third stage of the tim- 
ing chart of FIG. 5(B)). The comparator 242b compares 
the signal HPFPP with one slice level REFb (see the 
second stage of the timing chart of FIG. 5(B)) and out- 
puts as a lower land prepit signal LOLPP (see the fourth 
stage (bottom stage) of the timing chart of FIG. 5(B)). 
The slice levels REFa and REFb correspond to compar- 
ison values. 

[0039] Next, the more detailed configuration and func- 
tion of an example of the direction determiner 25 will be 
discussed with reference to FIGS. 6(A) and 6(B). FIG. 
6 (A) is a diagram to show the more detailed configura- 
tion of the example of the direction determiner 25 and 
FIG. 6 (B) is a timing chart to show the function of the 
example of the direction determiner 25. 
[0040] As shown in FIG. 6(A), the direction determiner 

25 has a slope detector 151, DFFs 252a and 252b, a 
falling edge detector 253, a rising edge detector 254, 
and a set reset flip-flop (SRFF) 255. The slope detector 
151 differentiates a tracking error signal TE to detect a 
differential coefficient (slope of waveform) and gener- 
ates a tracking error slope signal TESLP, then outputs 
the tracking error slope signal TESLP to the DFFs 252a 
and 252b. The slope detector 1 51 corresponds to track- 
ing error slope signal generation means. 
[0041] As shown at the top stage (first stage) of the 
timing chart of FIG. 6(B), the tracking error signal TE 
becomes a wave-like signal and at one position, relative 
speed changes and the waveform of the tracking error 
signal TE becomes opposite. As shown at the second 
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stage of FIG. 6(B), the tracking error slope signal TESLP 
output from the slope detector 151 is set to 1 when the 
waveform of the tracking error signal TE increases; the 
tracking error slope signal TESLP is set to 0 when the 
waveform of the tracking error signal TE decreases. 
[0042] The DFF 252a uses the tracking error slope 
signal TESLP as input data and the upper land prepit 
signal UPLPP as a latch pulse. Thus, a signal UPDIR is 
output (see the fifth stage of the timing chart of FIG. 6 
(B)). The DFF 252b uses the tracking error slope signal 
TESLP as input data and the lower land prepit signal 
LOLPP as a latch pulse. Thus, a signal LODIR is output 
(see the sixth stage of the timing chart of FIG. 6(B)). 
[0043] The falling edge detector 253 detects the edge 
of the signal UPDIR and outputs an edge detection sig- 
nal UPDEG (see the seventh stage of the timing chart 
of FIG. 6(B)). The rising edge detector 254 detects the 
edge of the signal LODIR and outputs an edge detection 
signal LODEG (see the eighth stage of the timing chart 
of FIG. 6(B)). 

[0044] The SRFF 255 inputs the edge detection signal 
UPDEG as a reset pulse and the edge detection signal 
LODEG as a set pulse, whereby a direction detection 
signal DIR is output (see the ninth stage (bottom stage) 
of the timing chart of FIG. 6(B)). The DFFs 252a and 
252b, the falling edge detector 253, the rising edge de- 
tector 254 : and the SRFF 255 make up direction detec- 
tion signal generation means. 

[0045] Also in the configuration of the optical pickup 
of the second embodiment, the direction detection sig- 
nal DIR indicates the direction of relative speed between 
the spot provided by applying emission light from the 
optical pickup onto the optical disc (spot-like light) and 
information record track on the optical disc. Therefore, 
using the direction detection signal DIR, the tracking 
controller 16 can detect the optical pickup move direc- 
tion and it is made possible to bring into tracking servo 
control at any desired position. 

[0046] However, if an optical disc is tilted as shown in 
FIG. 10(A), the gain of the land prepit signal LPP in the 
push-pull signal PP changes as shown in FIGS. 10(B) 
and 10(C). Therefore, unless some countermeasures 
are taken, detection of the direction detection signal DIR 
is adversely affected. The effect of the disc tilt can be 
overcome in the embodiments described below: 

(3) Third Embodiment 

[0047] Next, a third embodiment of the invention will 
be discussed. FIG. 7(A) is a diagram to show the con- 
figuration of a land prepit signal generator 34 in an op- 
tical pickup 1 03 of the third embodiment of the invention. 
The optical pickup 103 of the third embodiment differs 
from the optical pickup 101 of the first embodiment de- 
scribed above in that it has the different land prepit sig- 
nal generator 34. Other components are similar to those 
of the optical pickup 101 of the first embodiment and 
therefore will not be discussed again. Only the land pre- 
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pit signal generator 34 will be discussed. 
[0048] FIGS. 7(A) and 7(B) are a diagram and a chart 
to show the more detailed configuration and function of 
an example of the land prepit signal generator 34. FIG. 
7(A) is a diagram to show the more detailed configura- 
tion of the example of the land prepit signal generator 
34 and FIG. 7 (B) is a timing chart to show the function 
of the example of the land prepit signal generator 34. 
[0049] As shown in FIG. 7(A), the land prepit signal 
generator 34 has an HPF 141, a comparator 342, an 
envelope detector 343, and a low-pass filter (LPF) 344. 
The HPF 141 removes a low-frequency region compo- 
nent contained in a push-pull signal PP (the effect of ec- 
centricity of optica! disc) and extracts a high-frequency 
region component HPFPP (see the first stage of the tim- 
ing chart of FIG. 7(B)). 

[0050] The envelope detector 343 executes envelope 
detection of the signal HPFPP A signal REFENV result- 
ing from executing envelope detection of the signal HP- 
FPP becomes a line connecting the amplitudes of land 
prepit component LPP contained in the signal HPFPP 
as shown at the second stage of the timing chart of FIG. 
7 (B) (see the dashed line at the second stage of the 
timing chart of FIG. 7(B)). 

[0051] The LPF 344 extracts the low-frequency region 
component of the signal REFENV and outputs the low- 
frequency region component to the comparator 342 as 
a signal LRENV. The comparator 342 corresponds to 
comparison means. 

[0052] The comparator 342 compares the signal HP- 
FPP with the changing signal LRENV as a slice level 
(see the first stage of the timing chart of FIG. 7(B)) and 
outputs as a land prepit signal LPP (see the third stage 
of the timing chart of FIG. 7(B)). The slice level LRENV 
corresponds to a comparison value. 
[0053] Therefore, if the land prepit component in the 
signal HPFPP changes as an optical disc is tilted, the 
slice level LRENV also changes accordingly, so that the 
land prepit signal LPP can be detected without a hitch. 
[0054] Also in the configuration of the optical pickup 
of the third embodiment, a direction detection signal DIR 
indicates the direction of relative speed between the 
spot provided by applying emission light from the optical 
pickup onto the optical disc (spot-like light) and informa- 
tion record track on the optical disc. Therefore, using the 
direction detection signal DIR, a tracking controller can 
detect the optical pickup move direction and it is made 
possible to bring into tracking servo control at any de- 
sired position. 

[0055] In the third embodiment, the envelope detector 
343 and the LPF 344 make up disk tilt effect removal 
means. 

(4) Fourth Embodiment 

[0056] Next, a fourth embodiment of the invention will 
be discussed. FIG. 8(A) is a diagram to show the con- 
figuration of a land prepit signal generator 44 in an op- 



tical pickup 104 of the fourth embodiment of the inven- 
tion. The optical pickup 104 of the fourth embodiment 
differs from the optical pickup 101 of the first embodi- 
ment described above in that it has the different land 
5 prepit signal generator 44. Other components are simi- 
lar to those of the optical pickup 101 of the first embod- 
iment and therefore will not be discussed again. Only 
the land prepit signal generator 44 will be discussed. 
[0057] FIGS. 8(A) and 8(B) are a diagram and a chart 
10 to show the more detailed configuration and function of 
an example of the land prepit signal generator 44. FIG. 
8(A) is a diagram to show the more detailed configura- 
tion of the example of the land prepit signal generator 
44 and FIG. 8B is a timing chart to show the function of 
is the example of the land prepit signal generator 44. 
[0058] As shown in FIG. 8(A), the land prepit signal 
generator 44 has an HPF 141, an envelope detector 
343, an LPF 344, a gain adjusting device 445, and a 
comparator 442. The HPF 141 removes a low-frequen- 
cy region component contained in a push-pull signal PP 
(the effect of eccentricity of optical disc) and extracts a 
high-frequency region component HPFPP (see the first 
stage of the timing chart of FIG. 8(B)). 
[0059] The envelope detector 343 executes envelope 
detection of the signal HPFPP. A signal REFENV result- 
ing from executing envelope detection of the signal HP- 
FPP becomes a line connecting the amplitudes of land 
prepit component LPP contained in the signal HPFPP 
[0060] The LPF 344 extracts the low-frequency region 
component of the signal REFENV and outputs the low- 
frequency region component to the gain adjusting de- 
vice 445 as a signal LRENV (see the dashed line at the 
second stage of the timing chart of FIG. 8(B)). 
[0061] The gain adjusting device 445 adjusts the gain 
of the signal HPFPP based on the signal LRENV, nor- 
malizes the amplitude of the signal, and outputs a signal 
GHPP (see the third stage of the timing chart of FIG. 8 
(B)) to the comparator 442. The comparator 442 corre- 
sponds to comparison means. The signal GHPP corre- 
sponds to a high-frequency component containing a 
land prepit signal LPP. 

[0062] The comparator 442 compares the signal 
GHPP with a predetermined signal REF as a slice level 
(see the third stage of the timing chart of FIG. 8(B)) and 
outputs as a land prepit signal LPP (see the fourth stage 
of the timing chart of FIG. 8(B)). The slice level REF cor- 
responds to a comparison value. 

[0063] Therefore, if the land prepit component in the 
signal HPFPP changes as an optical disc is tilted, the 
gain of input GHPP in the comparator 442 is adjusted, 
so that the land prepit signal LPP can be detected with- 
out a hitch. 

[0064] Also in the configuration of the optical pickup 
of the fourth embodiment, a direction detection signal 
Dl R indicates the direction of relative speed between the 
spot provided by applying emission light from the optical 
pickup onto the optical disc (spot-like light) and informa- 
tion record track on the optical disc. Therefore, using the 



25 



30 



35 



40 



45 



SO 



6 



SDOCID: <EP 1039453A1_I_> 



11 



EP 1 039 453 A1 



12 



direction detection signal DIR. a tracking controller can 
detect the optical pickup move direction and it is made 
possible to bring into tracking servo control at any de- 
sired position. 

[0065] In the fourth embodiment, the envelope detec- 
tor 343, the LPF 344, and the gain adjusting device 445 
make up disk tilt effect removal means. 

(5) Fifth Embodiment 

[0066] Next, a fifth embodiment of the invention will 
be discussed. FIG. 9(A) is a diagram to show the con- 
figuration of a land prepit signal generator 54 in an op- 
tical pickup 105 of the fifth embodiment of the invention. 
The optical pickup 105 of the fifth embodiment differs 
from the optical pickup 101 of the first embodiment de- 
scribed above in that it has the different land prepit sig- 
nal generator 54. Other components are similar to those 
of the optical pickup 101 of the first embodiment and 
therefore will not be discussed again. Only the land pre- 
pit signal generator 54 will be discussed. 
[0067] FIGS. 9(A) and 9(B) are a diagram and a chart 
to show the more detailed configuration and function of 
an example of the land prepit signal generator 54. FIG. 
9(A) is a diagram to show the more detailed configura- 
tion of the example of the land prepit signal generator 
54 and FIG. 9 (B) is a timing chart to show the function 
of the example ol the land prepit signal generator 54. 
[0068] As shown in FIG. 9(A), the land prepit signal 
generalor 54 has an HPF 141, an envelope detector 
543. an LPF 544. a subtractor 547, a voltage control am- 
plifier (VCA). and a comparator 542. The HPF 141 re- 
moves a low-frequency region component contained in 
a push-pull signal PP (the effect of eccentricity of optical 
disc) and extracts a high-frequency region component 
HPFPP (see the first stage of the timing chart of FIG. 9 
(B)). 

[0069] The VCA 546 multiplies input HPFPP by a gain 
in response to a signal ERR (described later) and out- 
puts a signal VHPP The signal VHPP corresponds to a 
high-frequency component containing a land prepit sig- 
nal LPP 

[0070] The signal VHPP is input to the comparator 
542, which then compares the signal VHPP with one 
slice level REF and detects the land prepit signal LPP 
The comparator 542 corresponds to comparison 
means. The slice level REF corresponds to a compari- 
son value. 

[0071] The signal VHPP is input to the envelope de- 
tector 543, which then executes envelope detection of 
the signal VHPP and outputs a signal EVHPP. The sig- 
nal EVHPP resulting from executing envelope detection 
of the signal VHPP becomes a line connecting the am- 
plitudes of land prepit component LPP contained in the 
signal HPFPP (see the dashed line at the third stage of 
the timing chart of FIG. 9(B)). 

[0072] The signal EVHPP is smoothed through the 
LPF 544, and is output as a signal LEVHPP (see the 



fourth stage of the timing chart of FIG. 9(B)). 
[0073] The subtractor 547 calculates the difference 
between the signal LEVHPP and a predetermined target 
value and outputs the difference to the VCA 546 as a 
5 signal ERR (see the fifth stage of the timing chart of FIG. 
9(B)). That is : the difference ERR from the target value 
is input to the VCA 546 and consequently the gain of the 
signal VHPP is controlled. 

[0074] The envelope detector 543, the LPF 544 : and 
10 the subtractor 547 make up a feedback loop of the VCA 
546. 

[0075] Therefore, if the land prepit component in the 
signal HPFPP changes as an optical disc is tilted, the 
gain of input VHPP in the comparator 542 is adjusted, 
is so that the land prepit signal LPP can be detected with- 
out a hitch. 

[0076] Also in the configuration of the optical pickup 
of the fifth embodiment, a direction detection signal DIR 
indicates the direction of relative speed between the 

20 spot provided by applying emission light from the optical 
pickup onto the optical disc (spot-like light) and informa- 
tion record track on the optical disc. Therefore, using the 
direction detection signal DIR, a tracking controller can 
detect the optical pickup move direction and it is made 

25 possible to bring into tracking servo control at any de- 
sired position. 

[0077] In the fifth embodiment, the VCA 546, the en- 
velope detector 543, the LPF 544, and the subtractor 
547 make up disk tilt effect removal means. 

30 [0078] The invention is not limited to the embodi- 
ments. The embodiments are illustrative and not restric- 
tive, since the scope of the invention is defined by the 
appended claims, and all changes that fall within meets 
and bounds of the claims, or equivalents of such meets 

35 and bounds are therefore intended to be embraced by 
the claims. 

[0079] As described throughout the specification, ac- 
cording to the invention, the return light from an optical 
disc is received and a light detection electric signal is 

40 output. A push-pull signal is generated from the light de- 
tection electric signal. A land prepit component is ex- 
tracted from the push-pull signal and a land prepit signal 
is generated. A tracking error signal is generated from 
the light detection electric signal. The optical pickup 

45 move direction is detected based on the tracking error 
signal and the land prepit signal. Thus, if information is 
recorded on an optical disc at a high density and the 
information record track pitch becomes narrow and a 
limitation is imposed on the groove depth, bringing into 

50 track servo control can always be performed at the cor- 
rect position, so that stable tracking control can be per- 
formed. 



1. In an optical pickup for writing optical disc record 
information onto an information record track of an 
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optical disc having prepits based on emission light 4. 
from a light source or reading the optical disc record 
information from return light provided by reflecting 
emission light from the light source on the informa- 
tion record track, an optical pickup direction detec- s 
tion unit for detecting a direction to move the optical 
pickup in order to position the emission light on the 
information record track, said optical pickup direc- 
tion detection unit comprising: 

10 

a photodetector for receiving the return light 5. 
and outputting a light detection electric signal; 
push-pull signal generation means for generat- 
ing a push-pull signal from the light detection 
electric signal Irom said photodetector; 75 
prepit signal generation means for extracting a 6. 
prepit component from the push-pull signal and 
generating a prepit signal; 
tracking error signal generation means for gen- 
erating a tracking error signal from the light de- 20 
tection electric signal from said photodetector; 

and 7 
optical pickup move direction detection means 
for detecting the move direction of the optical 
pickup based on the tracking error signal and 25 
the prepit signal. 

2. The optical pickup direction detection unit as 
claimed in claim 1, wherein said optical pickup 
move direction detection means comprises: 



30 



tracking error slope signal generation means 
for differentiating the tracking error signal and 
generating a tracking error slope signal; and 
direction detection signal generation means for 35 
latching the tracking error slope signal with the 
prepit signal as a clock and generating a direc- 
tion detection signal. 

The optical pickup direction detection unit as 40 
claimed in claim 1 , wherein said prepit signal gen- 
eration means extracts upper and lower compo- 
nents of the prepit from the push-pull signal and 
generates upper and lower., prepit signals, and 
wherein said optical pickup move direction detec- ^ 
tion means comprises: 

tracking error slope signal generation means 
for differentiating the tracking error signal and 
generating a tracking error slope signal: and 50 
direction detection signal generation means for 
generating a direction detection signal with an 
edge detection signal with the tracking error 
slope signal latched using the upper prepit sig- 
nal as a clock as a reset pulse and an edge de- 55 
tection signal with the tracking error slope sig- 
nal latched using the lower prepit signal as a 
clock as a set pulse. 



The optical pickup direction detection unit as 
claimed in claim 1, wherein said prepit signal gen- 
eration means comprises: 

high frequency extraction means for extracting 
a high-frequency component containing the 
prepit signal from the push-pull signal; and 
comparison means 1or comparing the high-fre- 
quency component with a comparison value. 

The optical pickup direction detection unit as 
claimed in claim 4, further comprising disc tilt effect 
removal means for removing the effect of tilt of the 
optical disc by adjusting the comparison value. 

The optical pickup direction detection unit as 
claimed in claim 4, further comprising disc tilt effect 
removal means for removing the effect of tilt of the 
optical disc by adjusting the high-frequency compo- 
nent. 

In an optical pickup for writing optical disc record 
information onto an information record track of an 
optical disc having prepits based on emission light 
from a light source or reading the optical disc record 
information from return light provided by reflecting 
emission light from the light source on the informa- 
tion record track, an optical pickup direction detec- 
tion method for determining a direction to move the 
optical pickup in order to position the emission light 
on the information record track, said optical pickup 
direction detection method comprising the steps of: 

receiving the return light and outputting a light 
detection electric signal; 
generating a push-pull signal from the light de- 
tection electric signal; 

extracting a prepit component from the push- 
pull signal and generating a prepit signal; 
generating a tracking error signal from the light 
detection electric signal; and 
detecting the move direction of the optical pick- 
up based on the tracking error signal and the 
prepit signal. 
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FIG. 3 (A) 
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